18   Cell damage

Damage to membranes and organelles

Electron   microscopy    reveals    membranous
structures   which   form   the   boundary   wall
around  the cell  and  various compartments
(organelles) within. The membranes are com-
posed of lipoprotein or of phosphoglyceride bi-
layers containing enzymes, etc., and have the
general   properties   of  semipermeable   mem-
branes. The important definition of cellular
compartments depends to a large extent on this
property since soluble proteins of different
types can thereby be sequestered within the cell;
for example, hydrolases, potentially harmful to
the cell, are confined within the lysosomes. As
a result of the semipermeability of the mem-
brane, the cell and its organelles tend to be sub-
ject to swelling and shrinkage depending on the
relative osmotic pressures of the solutions in
their various compartments and in the extra-
cellular fluid. The membranes are not, however,
inert but actively regulate the transport of crys-
talloids, including electrolytes, by enzymatic
action which constantly modifies the chemical
structure of the membrane and requires the
provision of energy from ATP. Thus although
K+ and to a smaller extent Na+ can passively
diffuse through cell membranes, the intracellu-
lar concentration of K4* is much higher, and of
Na+ lower, than that of the extracellular fluid;
these differences are due to the outward 'pump-
ing' of sodium by the cell membrane.

An additional important function of the
membranes of the cell is that they form a cyto-
skeleton. This influences the shape of the cell
and provides supporting structures for arrays
of enzymes which form sequential functional
units, such as those involved in the citric acid
cycle and the flavoprotein and cytochrome sys-
tems of the cristae of the mitochondria.

Cell membranes

It has been shown by microsurgery that cells
can survive incision of the surface membrane,
and presumably self-sealing gaps develop in
membranes when participate material (e.g. nu-
clear fragments from normoblasts) is extruded
from cdb. However, most forms of reversible
injury to surface inembram are not associated
<te*rionstrabte structural lesions. Wten
reacts with antigen associated with

the cell surface, complement may be activated
(p. 143) with formation of complexes which
bind to and injure the eell membrane, produc-
ing blebs and holes in it (F:ig. 2.10): cell death
results from osmotic disturbances.

Fig* 2.10 Electron micrograph of pan of ihc cell
membrane of E$ch< coli treated with antibody and
complement, followed by treatment with trypsin,
Activation of complement at the sites of antigen
antibody reaction has resulted in lesions appar-
ently holes- in the cell membrane, and these are ac-
centuated by trypsin. x 140000, (Dr, R, Dourmash-
kin.)

An indication of surface membrane dysfunc-
tion frequently encountered following anoxia
and certain poisons is osmotic swelling of the
cell with accumulation of water in the cyto-
plasm and resulting separation of organelles
(Fig. 2.11 and 2.12). Such intracellular oedema,
when reversible, may be the result of increased
permeability of the surface membrane to
sodium, or due to failure to remove sodium
from the cell consequent upon diminished
supply of ATP, or to poisoning of the enzymes
involved in the sodium pump, e.g. by the drug
ouabain. Increased cell volume leaves less room
for extracellular fluid and this may impair the
transport of metabolites between cells and the